Abstract. During 2006-2007, a cohort of 144 confirmed dengue cases in Can Tho Province, Vietnam were compared with a matching set of 144 households that had no dengue cases. Approximately 6-9 months after sickness, there were no significant differences in terms of knowledge of the etiology of dengue, mosquito breeding habitats, and prevention measures in respondents from both sets of households. There was also no difference in the abundance of Aedes aegypti (Linn.) adults but the average numbers of late instar and pupal Ae. aegypti per household were greater in the negative control houses. Thus, the risk seemed to be no higher in case households, although it is conceivable that changes may have occurred in either group over the intervening period. The average cost for a dengue patient was 2,798,000 Vietnamese Dong (VND) (US$167.77), 2,154,000 VND for direct costs, and 644,000 VND for indirect costs. There was a 22% difference in cost for those with and without health insurance. In terms of impact on family economies, 47.2% had to borrow money for treatment, and after 6 months, 71.7% had not begun or had only managed part repayments. Approximately 72.9% indicated that the cost of supporting a dengue patient had impacted on the family economy, with the loss averaging 36% of the annual income in the lowest economic quartile.
INTRODUCTION
It is generally regarded that there is a paucity of data on the burden of dengue. Such knowledge is essential to cost-benefit analyses to guide decision making by government and by industry. In April 2008, a group of experts 1 conducted a systematic literature review that returned 43 publications outlining primary data. Nevertheless, the conclusion from this group was that health economics research specific to dengue was still urgently needed to inform decision making on various control options, including vaccination. Burden of disease estimates from the World Health Organization 2 indicated an estimated 36 million cases of dengue annually, with 2 million cases of dengue hemorrhagic fever (DHF), and this may equate to 670,000 disability-adjusted life years annually. However, these estimates may be based on underestimates of the duration and disability scores used to describe the illness. 3, 4 Apart from differences in methods, Hanna 3 correctly highlighted the challenges of improved diagnostics and diagnostic coverage to accurately enumerate the actual number of confirmed cases, but also to translate these into official national notification data. In Vietnam, for example, only 5-10% of cases are serologically confirmed and this is common in developing countries. In four sites in southern Vietnam, the average incidence from 2004-2006 was reported as 441/100,000 for children 14 years of age, and 98/100,000 for persons 15 years of age. 5 The reported incidence compared with that from a cohort study led to underreporting of 1.2 times for dengue shock syndrome, 5.4 times for DHF, and 15.7 for classical dengue.
This report details the direct and indirect costs of a cohort of 144 persons serologically confirmed as having dengue and hospitalized during June 2006-October 2007 in Can Tho Hospital and Can Tho Children's Hospital in southern Vietnam. Previously, both average direct and indirect costs of those visiting and/or admitted to Children's Hospital #1 in Ho Chi Minh City 6 was estimated at US$61.36, but this cost increased to US$126.80 with severity of disease. 6 In neighboring Thailand 7-9 and Cambodia, 9-11 the economic and societal impact is high, and losses per family may exceed family incomes, which could result in the sale of consumables and assets, and or borrowing to meet out-of-pocket expenses. This change may result in unsettled debts and the selling of family land. 10 Our second objective was to ascertain whether there were any differences in knowledge and behavior of these 144 households with cases, in comparison to those without cases, to compare risk. To measure behavior outcomes, we hypothesized that case households would have greater numbers of immature and adult Aedes aegypti than those where dengue infection was not reported.
METHODS
Study areas. Can Tho City (10 2 N, 105 47 E), 169 km south of Ho Chi Minh City, is the largest city in the Mekong delta region. The city is a center of education, science, culture, and business. The city and surrounding areas have separate administrations, equivalent to provincial status, and its nine districts have an area of 1,389 km 2 , mainly for rice production. The area has a population of 1,121,000 according to the 2004 census. It has a tropical monsoon climate with a wet season extending from May through November, and the average annual rainfall is 1,635 mm.
Study design. With the assistance of the hospital staff, former patients were contacted and asked if they were willing to participate 6-9 months after their convalescence. The purpose of the study was explained to those taking part and their consent was indicated by a completed questionnaire and survey form. Negative houses (n = 144) were selected as controls for the entomologic study and a knowledge, attitude, and practice study by being 200 meter from a positive household, being of similar style (based on size and materials used), and having children of similar age.
A questionnaire was devised to interview adult patients directly or in the case of children, assisted by family members. The structure of questionnaire includes three main parts: 1) demographic information of households, income, education level, and occupation; 2) knowledge of dengue and mosquitoes, and prevention measures; and 3) the social and economic impact of DHF cases. In addition, focus group discussions were held to amplify discussion about social and economic impact of hospitalization because of severe dengue, and also to obtain ideas about prevention.
Investigators from the Can Tho University of Medicine and Pharmacy were selected on the basis of having good interviewing skills for the questionnaire and or having entomologic training for household surveys. Team members were trained about the clinical and diagnostic issues relating to dengue at the Institute Pasteur (Ho Chi Minh City) and briefed on study objectives, economic impact, principles of interviewing, and using questionnaire codes, which were finalized by interviewing practice and group discussion with eight persons. Investigators were divided into small groups; each group included three members, including two investigators and one local collaborator. For each household, one investigator administered the questionnaire, whereas the other two members did the container and indoor sampling.
Paired entomologic surveys were done from April-June 2007 (n = 144) and from September-December 2007 (n = 144). For each of 10 container categories, the two groups had similar numbers of wet containers and positivity, but numbers of late instars and pupae were higher in the first survey. All waterbearing containers were surveyed for immature culicids and cyclopoid copepods by using a 20 + 20 + 20 mm net of fine gauze. Adult mosquitoes were captured resting indoors during standard 15-minute collections by using an aspirator.
Entomologic risk factors were compared between case and control households by using a Mann-Whitney rank sum test and a chi-square test. The factors were households positive for larvae, households positive for pupae, containers positive for larvae and for pupae, and numbers of III-IV instars and pupae expressed as a density index per household, and adult Ae. aegypti were expressed as a density index per household. Prevalence of Mesocyclops was expressed as percentage positive in containers of capacities 50 liters.
RESULTS
Sampled population. There were no significant differences between the age categories (P = 0.9), sex (P = 0.9), education level (P = 0.6), and occupations (P = 0.3) of the 288 matched persons, 144 with dengue and 144 with no dengue case in the household. Most (82.6%) cases were in children of either sex 15 years of age Table 1 .
Knowledge of dengue, its vectors, and prevention. Approximately 97.9% of those whom had recovered from dengue (n = 144) could list at least one symptom, compared with 78.5% of those who had not been infected (P 0.001). Almost all (97.2%) respondents cited dengue as a serious or deadly disease (Table 2) .
With respect to knowledge of the dengue mosquito, there were no significant differences between those who contracted dengue and those who did not: 77.8% and 82.0%, respectively, knew it was transmitted by a mosquito, 37.5% and 43.8% knew it was the striped mosquito, and 25.0% and 21.5% knew it was diurnal (Table 3 ). There were no significant differences in knowledge of breeding habitat: water jars (P = 0.5), flower vases and ant traps (P = 0.6), coconut shells (P = 0.08), tires (P = 0.9), and discarded materials (P = 0.1). There were no differences between the two groups with respect to prevention of breeding by using a lid (P = 0.5), changing stored water (P = 0.7), inverting containers (P = 0.7), using fish (P = 0.1), adding oil or salt to ant traps (P = 0.9), or with respect to use of various adulticides. There were also no significant differences with respect to claimed application of the above practices, and 37.4% of residents reported application of some form of larval control.
Dengue case and control houses had similar numbers of wet containers and positive containers per house. Likewise, the proportion of houses positive for larvae were similar in both case (46.5%) and control (58.3%) houses (χ 2 = 3.56, degrees of freedom [df] = 1, P = 0.06). The proportion of houses positive for pupae were similar in both case (25.0%) and control (31.3%) houses (χ 2 = 1.09, df = 1, P = 0.29). The proportions of containers positive for larvae at case (31.1%) and control houses (36.6%) were not significantly different (χ 2 = 3.21, df = 1, P = 0.073). However, pupal positivity was significantly greater (χ 2 = 4.19, df = 1, P = 0.041) in containers at control houses (17.0%) compared with case houses (12.2%).
In surveys 1 and 2, respectively, the numbers of larvae at control houses (mean ± SD = 115.2 ± 266.7, and 54.2 ± 91.1) were greater in both seasons than those at case houses (70.5 ± 138.9,and 28.5 ± 67.2) but were not significantly different. Also, no significant differences were found with pupae (13.4 ± 33.5 and 8.7 ± 25.9) and (9.2 ± 27.9 and 5.9 ± 24.6). Partly because of the higher rates of positivity in control houses, total numbers of III-IV instars were 71% higher in control houses (12,378) than in case houses (7, 256) , and pupal numbers were 46% higher in control houses (1,608) than in case houses (1,101). However, adult density indices (0.73 and 0.74) were similar. Mesocyclops were present in 6.7 and 3.7% of big containers in case and control households. Social and economic impact. Ninety-one % of persons with dengue (Table 4 ) sought treatment before admission to a hospital, mainly from private health clinics (48.9%) or from communal health centers (29.0%). After admission, 18.1% of patients sought treatment from pharmacies (46.2%) and from private clinics (38.5%). The mean ± SD for total treatment time was 9.7 ± 4.3 days, comprising before admission 2.5 ± 1.4 days, during admission 6.0 ± 1.7 days, and post-admission 1.2 ± 3.6 days. The range was 4-39 days.
The average cost (Table 5 ) for a case (n = 144) of dengue in a Can Tho household was mean ± SD 2,798,000 ± 2,364,000 Vietnamese Dong (VND) (US$167.77 ± 141.74 at January 2007 rates), of which 76% involved direct costs for treatment, medicine, and for food and transport to and from the hospital. Indirect costs comprised 24% in terms of lost productivity. The direct costs for treatment and hospital services were reduced by 22% for 43.8% who used health insurance cards, but 13.8% of those with insurance did not use their cards.
Almost half of the 144 families had to borrow to afford treatment and ancillary costs associated with a dengue case that required hospitalization (Table 6 ). Money was borrowed from various sources but mainly from family (up to 51%) or friends (up to 29%) and some borrowing was from employers, banks, or the government, or mortgaging or selling items (up to 6% for each of the last five categories). Approximately six months after convalescence, only 26.5% had repaid their debt in full, 39.7% had repaid some, and 33.8% had been unable to make any repayments.
Economic impact was examined as direct and indirect costs in relation to mean family income, which was divided into quartiles. The average loss of those in the lowest economic group with an annual income of 7,768,000 VND (US$465.76) lost 36%, the second group with mean income of 16,160,000 VND (US$968.94) lost 17%, and costs represented 12% of mean annual income of 25,674,000 VND (US$1539.41) to the third quartile, but this expenditure represented only 4% to the highest income group (57,038,225 VND, 
DISCUSSION
The average direct and indirect cost of a dengue infection requiring hospital admission in Can Tho Province was US$167.77 (range = US$4.50-1,208.18). This cost was considerably more than reported for Ho Chi Minh City, which averaged US$61.36 (range = of US$5.34-280.57). 6 We did not scale costs against severity but would expect that more prolonged and complicated treatments, and longer visitation periods, would result in higher cost as in this previous study. Those with insurance received a rebate between 12% and 25% depending on the services provided. Thus, it would seem that an average 22% rebate was not always sufficient to avoid hardship.
In Thailand, the total costs of one case in 1994 dollars was estimated as 37-57% of the monthly family income, at US$108.82 and US$161.49 in Bangkok and US$102.82 and US$138.02 in Suphan Buri Province for children and adults, respectively. 7 In 2001 in Kamphaeng Phet Province, US$61 per case represented more than the monthly family income. 8 This latter study emphasized that the cost of dengue is of the same order as other diseases given priority in Southeast Asia, namely the tropical cluster (mainly schistosomiasis, leishmaniasis, and lymphatic filariasis), malaria, meningitis, and hepatitis.
In Banteay Meanchey 10 and Kampong Cham, 11 Cambodia, the high socioeconomic and societal impact seemed comparable to those from Can Tho. Direct and indirect costs varied from US$8 to US$103 (2001-2002 dollars) and from US$36 to US$75 (2006-2008 dollars) , respectively. Health insurance rebates were not high enough to reduce societal burden, and in Banteay Meachey at least, 63% were forced to borrow from similar sources as at Can Tho. After six months in Can Tho, more than two-thirds of those who borrowed had been unable to retire their debt; in Banteay Meanchey, this figure was 62%. Unlike the study in Cambodia, 10 we did not enquire about the terms of the loan or of interest rates but it is obvious that the impact of dengue infection was highest in those who were poor.
The mean ± SD period of disability in the Can Tho cohort was 9.7 ± 4.3 days (range = 4-39 days. Before admission, 91% sought assistance mainly from private clinics and communal health centers for an average of 2.5 days. After admission to hospital for an average of 6 days, 18.1% of patients still purchased from pharmacies and private clinics but most relied on hospital treatment. This finding might indicate the level of family concern about the potential severity of dengue infection.
When we examined knowledge and risk factors, 80-96% of case and control households knew at least one dengue symptom and 95-97% knew it to be a serious or deadly disease. However approximately 6-9 months after infection, the entomologic indices for adult female Ae. aegypti in case households were similar to those where no dengue had occurred. However, numbers of late instars and pupae were lower. We cannot be certain that a case within a household did not stimulate at least some temporary activity but, overall, nominated preventive behaviors (37%) were similar for case and control households. Because our study design necessitated the questioning persons approximately 6-9 months after a dengue event to measure long-term effect, some respondents might have had recall bias. It is also possible, but unlikely, that entomologic indices in case houses may have changed relative to control houses.
Given the high impact of dengue cases, and the high level of knowledge about the habitat and behavior of Ae. aegypti, our data suggest that few households took long-term preventive action, or more specifically any action that would effectively control the vector. However, community responsiveness is multifaceted and complex, 12 and knowledge of the disease and vector may not be enough to stimulate a broad response.
Of locally promoted preventive measures, the use of covers or lids has been shown to be ineffective, 13 and frequent water changing in storage jars, or upturning jars, is impractical in a poor society, which relies on water capture and storage for survival. 14, 15 The options of household spraying, coils, and gels would be affordable by the wealthy, and sleeping under a mosquito net is more appropriately directed against nocturnal vectors. Thus, use of fish as one practical suggestion had been adopted only by 23% of case and control households. No one had adopted Mesocyclops use, although they were present in 3.7-6.7% of big containers, and they had been promoted as part of the National Dengue Control Plan since 1998. This prevalence is common throughout Vietnam because of water transfer practices and flooding, 16, 17 but their uptake as a mosquito control tool is dependent on active health promotion.
This study demonstrates that in a cohort of 144 residents of Can Tho Province in the Mekong delta region, the socioeconomic impact of one case of dengue in a household can be as high as 36% of annual income, and this can result in family hardship. Economic impact was greatest in lower income families. Our study also demonstrates that it is likely that infection may be a random event because our risk indicators suggest little difference in those households with and without dengue infection. However, both groups could have been infected at a common high-risk site, e.g., school or market.
Finally, although most households with and without dengue experience were reasonably knowledgeable about how it occurred and what to do about it, the range of options presented by health authorities was in need of reconsideration. Use of fish is well understood but although the impact of community-based Mesocyclops has spread from northern to southern Vietnam, 16, 18 it requires promotion in Can Tho. On the basis of a prospective cost study during 2006-2007 in four sites in southern Vietnam, 19 the cost in managing 290,000-460,000 cases in southern Vietnam was reported as averaging US$26 million per year. Based on our cohort, which might be representative of rural and provincial communities outside Ho Chi Minh City, this figure may be as high as US$48.4-76.8 million. Given the sustainability and low costs of US$1 per person per year reported for community-based Mesocyclops programs, 20 it would seem that this approach (where applicable) would be a good investment.
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